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ABSTRACT

This paper presents the results of a cost-effectiveness study concerning the effects of an
overtaking prohibition on two lane rural roads. Overtaking prohibitions are being
implemented in the Netherlands aiming to improve safety. Overtaking frequency on road
sections with and without overtaking prohibition are measured by means of camera
observations Overtaking frequencies were determined by comparing the order of vehicles at
the start and end of a road segment without junctions. Overtaking actions were assessed by
means of changes in the order of the vehicles. This was done for road segments without
overtaking prohibition and similar road segments with overtaking prohibition. It turns out
that up to ten percent of drivers performs overtaking manoeuvres on normal road sections.
On sections with prohibition, about one percent of drivers disobey this traffic rule.
Additionally, a questionnaire was sent to drivers of one of the observed roads, with questions
about the overtaking prohibition. 28 percent of the respondents indicated that they will not
always comply with an overidable overtaking prohibition. The discussion of the results will be
focused on cost effectiveness of an overtaking prohibition for improving road safety on rural
roads. The results of the observation, together with the results of the questionnaire are used
to discuss the possibilities of the four E’'s, education, enforcement, engineering and
electronics to solve the safety problems of overtaking on rural roads.
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INTRODUCTION TO OVERTAKING SAFETY PROBLEM

In the Netherlands, 33 percent of causalities are a result of head-on collisions (SWOV, 2003).
An overtaking error is, on average, responsible for 26 fatalities per year. In the UK, 7.9
percent of fatal accidents are caused by overtaking. Both countries have high ambitions in
reducing road accident casualties, for example the Dutch government has set her targets for
2010 as follows: 30 percent less fatal accidents and 20 percent less serious injuries (base
year 1986) (NVVP, 2001). Education, enforcement, engineering and electronics are measures
to achieve this. To know which will reduce the number of accidents caused by overtaking,
more insight into overtaking phenomenon is required. Therefore the PhD-project ROADAS
(Research on Overtaking an Advanced Driver Assistance Systems) is started, aiming to
describe overtaking behaviour on two lane rural roads and determine the effects of ADAS on
this behaviour. A first step in this project is a study on overtaking frequency, including a
study on the effects of an overtaking prohibition.

The main question to answer in this paper is whether an overtaking prohibition is a (cost)
effective measure to improve the safety of overtaking. The aim of this study is to measure
the effectiveness of an overtaking prohibition, including the acceptance of this measure by
road users. This aim is split into a few research questions:
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« What is the overtaking frequency on two lane rural roads with a speed limit of 100 kph
on road sections without an overtaking prohibition?

< Do drivers accept an overtaking prohibition?

« What other measures could improve the safety of overtaking on two lane rural roads?

The applied methodology to answer these questions is explained in the next section. After
this section, the data collection is determined, followed by a section with results of an
overtaking frequency observation and a questionnaire. A lot of attention is paid to the
discussion of the results, including a comparison of effectiveness of an overtaking prohibition
(enforcement) with possibilities of education, enforcement, engineering and electronics
towards reducing the number of accidents caused by overtaking. The paper finishes with a
section conclusions and recommendations.

One of the results of this study is that one percent of the drivers still overtakes when it is
prohibited.

METHODOLOGY TO STUDY EFFECTS OF OVERTAKING
PROHIBITION

This section provides an overview of the applied research methods in this study. First, the
method to measure overtaking frequency is explained. Next, the conditions for road section
selection are determined. Third, the applied method to collect road users opinion on
overtaking prohibition is commented. Finally, we address how the information for the
discussion of the four measures, education, enforcement, engineering and electronics, is
collected.

Method to study overtaking frequency: observation and statistical analysis

Overtaking frequency is measured by observing the order of vehicles at the begin and end of
a road section without discontinuities. If the order at the end differs from the order at the
beginning, vehicles have performed an overtaking manoeuvre. The method is precisely
described in (Hegeman, 2004).

To measure overtaking frequency on two lane rural roads and the impacts of an overtaking
prohibition, two sets of appropriate road sections are selected. One of the conditions for
selection is that the road should include one road section without overtaking prohibition and
a comparable section with an overtaking prohibition. Preferably these sections are close to
each other, to be able to measure approximately the same traffic (drivers) at both sections.
Another condition is that the external conditions should be ideal for overtaking. So, as few as
possible sight restrictions, that is no hills and no sharp curves. A final condition is that the
traffic volume should be high enough to have an overtaking demand and low enough to
make overtaking possible.

Statistical analyses and syntheses are performed with the collected data.

Applied method to study user acceptance: questionnaire

Drivers’ opinion about an overtaking prohibition is studied by means of a questionnaire. This
is sent to drivers of one of the two observed roads. On this road, license plates of all passing
vehicles were registered and corresponding addresses of the owners of the vehicles are
claimed. The procedure which allows you to do this, includes stringent privacy rules, such as
that the observation has to be advertised well in advance, the addresses have to be
destroyed within a few days after claiming and no observation data can be linked to the
addresses. This makes it impossible to combine a drivers’ opinion on an overtaking
prohibition with the observed driving measures.
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The questionnaire included 15 questions, printed on one A4, and accompanied with an
explaining letter and some frequently ask questions. It is tried to keep everything as short as
possible, to obtain a high response (at least 300 completed questionnaires).

One month after the questionnaire was sent, a statistical analysis of the answers is
performed. The results are discussed and compared with the observation results.

Method to discuss measures to improve overtaking safety: Expert’s
knowledge

For the discussion of the four safety measures education, enforcement, engineering and
electronics, traffic experts of England, France, Germany and the Netherlands are asked how
these measures are applied in their country to improve the safety of overtaking.

COLLECTION OF OVERTAKING DATA AND USER ACCEPTANCE
DATA

Overtaking frequency observation

The first selected road is the N305 Almere-Zeewolde, a major rural road in the Province of
Flevoland, the Netherlands. This road has a daily traffic volume of 12,000 vehicles, a speed
limit of 100 km/h (trucks and trailers have a speed limit of 80 km/h), the terrain is level and
the road sections do not have any sharp curves. The section without overtaking prohibition
has a length of 5.2 km and the section with prohibition is 4.7 km. It is quit unique for rural
roads in the Netherlands to have such ‘long’ section without interventions such as junctions.
Therefore, it is likely to find an overtaking maximum, since the longer the road section, the
easier it becomes to perform an overtaking manoeuvre. The observation on the N305 took
place in Spring 2004 and lasted eight hours. Both driving directions and both road sections
were observed simultaneously. The weather was cloudy, but hardly any rain and no irregular
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Figure 1 The first selected road for overtaking observations is the N305

The second selected road is the N255 in the province of Zeeland, the Netherlands. This road
also has a speed limit of 100 km/h and the terrain is level. Observations on this road took
place on a weekday, with a daily traffic volume of 6,200 vehicles and on a holiday, with a
daily traffic volume of 9,500. Both observations took place on the same two road sections,
both without any sharp curves. The section without prohibition has a length of 2.05 km and
the section with prohibition is 2.7 km. On both days, the observation lasted six hours. The
weather was sunny and no irregular events took place.
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Figure 2 The second selected road for overtaking observations is the N255

User acceptance data collection

Besides the observation of overtaking on road sections with an overtaking prohibition, the
user acceptance is also gathered by means of a questionnaire. To all observed drivers during
the workday observation of the road in Zeeland, a written questionnaire is sent. This
guestionnaire included 15 questions and was sent to more than 2400 drivers. More than
1100 questionnaire were filled out and sent back. This is a high response to a written
guestionnaire, where no details are known of respondents.

OBSERVATION AND QUESTIONNAIRE RESULTS

To measure the effectiveness of an overtaking prohibition, overtaking frequency on road
section with and without a prohibition are observed. Additionally, a questionnaire was sent to
drivers of one of the observed roads, with questions about the acceptance of an overtaking
prohibition. This section presents the results of both the observation and the questionnaire.

Results observation of overtaking frequency

The results of the observation of overtaking frequency on road sections with and without an
prohibition are presented in Table 1. In this table, F1 and F2 refer to the observations on the
road in Flevoland, on respectively the busy (1) and less busy (2) direction. ZW and ZH refer
to the observations on the road in Zeeland on respectively the Workday and the Holiday. The
extension ‘without’ and ‘with’ refer to the existence of an overtaking prohibition.

The flows on both roads are on average comparable. The directional split of traffic on the
road in Flevoland less equal than on the road in Zeeland, where in turn the flow on the
holiday is less equal than on the workday. Please keep in mind that the ‘opposing’ flow of the
observation in Zeeland is not analysed, only the flow is counted.

The highest observed overtaking frequency is 22.6 #/km-h on Fl-without, as shown in the
seventh row of Table 1. The lowest frequency is 6.6, observed on the opposing direction.
The reasons for this difference in frequency go beyond the scope of this paper and are
already discussed in (Hegeman, 2004).

Table 1.Results of observations on two rural roads in the Netherlands

Fl-without | Fl-with [ F2-without | F2-with | ZW1-without | ZW1-with ZH-without | ZH-with
Total observed vehicles # 3895 3100 2474 2301 1571 1667 2700 2896
Flow vtg/h 536 413 334 291 258 271 438 470
Total observed opposing vehicles # 2474 2301 3895 3100 1383 1394 1970 1970
Opposing flow vtg/h 334 291 536 413 231 232 328 328
Total observed vehicles passed # 839 41 249 39 83 11 207 23
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Overtaking frequency [#/km-h] #/km-h 22.6 1.3 6.6 1.2 6.7 0.7 16.4 1.4
Active vehicles % 10.1 0.8 6.7 1.4 4.5 0.6 4.8 0.6
(of flow in analysis direction)

Passive vehicles % 15.7 0.9 7.0 1.0 4.5 0.5 5.1 0.4

(of flow in analysis direction)

With / without % 4.9 15.7 13.3 111

On the section and direction with the highest overtaking frequency, F1 without, more than
10 percent of the drivers have performed at least one overtaking manoeuvre (active drivers).
Moreover, more than 15 percent of drivers on this section are being overtaken by other
vehicles (passive drivers). The percentage active drivers is lower than the percentage
passive drivers for all observations on road sections without overtaking prohibition, except
for ZW, where the percentage active and passive drivers is equal. More passive drivers
means that, for example, one active vehicle has overtaken two, three or more passive
drivers.

The last row of Table 1 includes the quotient of the overtaking frequency on a road section
with prohibition and without prohibition. This measure is an indication for how many of the
overtaking drivers still overtake when it is prohibited. This is highest for section with the
most opposing traffic (F2). Perhaps drivers who dare to overtake with a lot opposing traffic
also have the guts to disobey a traffic rule.
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Figure 3 Box plot of the speeds on the observed road sections. The box includes 50% of the
speeds. The dark line is the median, the horizontal lines above and below the box are drawn
at 1,5 time the length of the box. All circles are outliers, all asterisks are extremes.

Figure 3 shows speed data of the observed road sections. The speed distribution on each
road section is fairly normal, with more outliers and extremes on the sections with
prohibition. If one compares the average speed of the sections without prohibition, with the
section with prohibition, the latter is significantly lower on all sections at a 95 percent
confidence interval. It should be remarked that since the number of cases is high (e.g. 3100
for F1 with and 3895 for F1 without) a significant difference between two means is easily
found. Furthermore, the lower mean speed at the section with prohibition could be caused
by the slightly lower traffic volumes.

The sections with overtaking prohibition have, as expected, lower overtaking frequencies.
But overtaking manoeuvres still take place. Within 20 hours of observation, over a 100
overtaking manoeuvres are performed on sections were it is not allowed to do so. Figure 4
illustrates this. The percentage active and passive drivers do not differ much, but the
percentage active drivers is a little higher. This means that ‘more’ fast drivers are triggered
to disobey a traffic rule by ‘a few’ slow drivers.
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Figure 4 Absolute number of passed vehicles, active drivers and passive drivers on observed
road section with overtaking prohibition

Results of the questionnaire

Almost 50 percent of the distributed questionnaires were completed and returned to us. The
age and gender of the respondents agree with the distribution of age and gender in the
province of Zeeland (Hegeman, 2004). Only elderly male are slightly overrepresented and
the age group 25-35 is slightly underrepresented. Most respondents drive a car.

It is interesting to present the user acceptance results from the conducted survey regarding
the overtaking prohibition. It turns out that about 40 percent thinks that an overtaking
prohibition on a rural road with a speed limit of 100 km/h is a bad idea, but they will comply.
28 percent indicates that they will not always obey to an overtaking prohibition.

Questions addressing different road designs were accompanied with photographs, as shown
in Figure 5. The difference between the stated obedience to the overtaking prohibition either
with design B or design C is small, if the respondent are asked about their own behaviour.
But, when respondents are asked with which design drivers in a hurry, or aggressive drivers
will not overtake, design B is a lot less replied than design C (57 percent for design C against
20 percent for design B). 43 percent of the respondents even thinks that non of the shown
designs will resist these drivers from overtaking.
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Figure 5. Four possible road designs, as shown in the questionnaire

The opinion about the most favourite design is varying, although drivers state a slight
preference for designs A and D. Remarkable is that driver that use the road frequently, that
is almost daily, prefer a design without overtaking prohibition and drivers who use the road
less than once a month prefer a design with overtaking prohibition. A similar division is found
amongst younger (younger than 30, n = 123) and older drivers (older than 60, n = 253).
The younger driver prefer a design without prohibition and the older drivers prefer a design
with prohibition, especially the double continuous line is liked. Finally, the combination of the
opinion about a prohibition and the favourite design. As expected, drivers who think an
overtaking prohibition is a good idea and indicate that they will comply with it, prefer a
design with overtaking prohibition. Again, the design with the double continuous line is more
favourite than the single continuous line. But, most drivers who answer that an overtaking
prohibition is a good idea, but will not always comply with it, chose the design without
prohibition.

SYNTHESIS OVERTAKING AND USER ACCEPTANCE RESULTS

To improve traffic safety on two lane rural roads with a speed limit of 100 km/h overtaking
prohibition is proposed. In the Netherlands, this prohibition is generally implemented as a
double continuous line. To study the effect of such a prohibition, observations of overtaking
frequency have taken place on two roads. On both roads, comparable sections without
prohibition and with prohibition are observed simultaneously. To the drivers of one of these
two roads a questionnaire is sent, to ask them their opinion about an overtaking prohibition.

Mean speed and standard deviation of speed

From data analysis, it turns out that the sections with overtaking prohibition have a lower
average speed and unexpected higher standard deviation of speed. The aim of a prohibition
is to improve traffic safety, and a lower average speed might improve this (Nilsson, 1981;
Aarts, 2004), but a higher standard deviation of speeds could also decrease safety (Solomon,
1964; Kloeden et al., 2001). An explanation for the lower average speed and higher standard
deviation in Flevoland can be the slightly lower flows and more outliers and extremes on the
section with prohibition. The increase in outliers and extremes is an interesting result,
because this could indicate some behavioural adaptation: if overtaking is not allowed, drivers
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adapt their free speed choice, to compensate the overtaking restriction. To be able to prove
this, more observations are required. During the observations on the holiday in Zeeland, the
flow on the section with prohibition was higher and here the standard deviation of speed is
lower than on the section without prohibition. Another possible explanation for differences in
mean speed and standard deviation of speed are differences in truck percentages, that is,
difference in percentage of vehicles with a speed limit of 80 km/h, which are not analysed
yet.

Non-compliance with an overtaking prohibition

An overtaking prohibition is implemented on certain road sections with the aim to prevent
overtaking accidents and thereby to improve traffic safety. During our observations, 0.6 till
1.4 percent of drivers overtake on sections with prohibition. This is flow dependent, since
higher flows resulted in higher non-compliance. Within 20 hours of observation, we observed
78 drivers who disobeyed a traffic law. Although the overtaking frequency decreased a lot,
the question is, are the removed overtakings the accident-prone ones? This is a difficult
guestion to answer, since no accidents happened. But, because overtakings still take place
with an overidable overtaking prohibition, it is not sure if the prohibition will have a positive
effect on overtaking accidents. Moreover, on the road in Flevoland, the standard deviation of
speed on the road section with prohibition was higher and this might even be an indication
of lower traffic safety (Solomon, 1964; Kloeden et al., 2001).

Driver’s opinion about overtaking prohibition

One of the results of the questionnaire is that drivers who drive on the road daily, do not
prefer a prohibition, while drivers who drive less than ones a month on the road, prefer a
prohibition. This indicates that unfamiliarity with the road increases the demand for a
prohibition. In the Netherlands, most traffic is commuter traffic. Moreover, commuters have
an economic purpose and are therefore valuable for the society. Perhaps the leisure
travellers’ need for an overtaking prohibition can be solved with other means, for example
education or engineering. This will be discussed in the next section.

IMPLICATIONS: THE FOUR E’S, WHAT CAN BE DONE?

Overtaking on two lane rural roads causes safety problems. The Dutch government has
chosen to use the solution: ‘enforcement’, that is an overtaking prohibition, to solve this
problem. Besides enforcement, education, engineering and electronics can improve safety.
Four experts in Germany, France, England and the Netherlands are asked what is performed
in their country to improve the safety of overtaking.

Education

Already in 1963, it was recommended to let drivers practice overtaking (Crawford, 1963).
Unfortunately, even in 2004, overtaking is not specially included in driving lessons in
Germany, France, England and The Netherlands. Drivers will only practice it, if the situation
occurs. It is difficult to get into an overtaking situation on purpose. In the Netherlands, a
start is made with driving lessons on a simulator, where specific situations, such as give way
to traffic coming from right, are programmed, to let drivers practice how to handle these
situations’. Perhaps overtaking could be practised in this way as well. Indeed, a combination
of practical training and simulator training is found to be efficient, which was already applied

! http://www.tno.nl/wie_we_zijn/jaarverslagen/jaarverslag_2002/tno_kerngebieden/ict_diensten/
showcases/rijsimulator.html
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in the sixties (OECD, 1970). But, there are indications that the performance of a overtaking
manoeuvre in a simulator will differ from real overtaking manoeuvres (Jenkins et al., 2004).

Enforcement

Overtaking prohibition are implemented in the Netherlands. In Germany, France and
England, overtaking is only prohibited on dangerous spots, such as in a sharp curve or on an
uphill road. As shown with the overtaking frequency study, the number of overtakings with a
prohibition is decreased, but overtaking manoeuvres still take place. The question is, if the
situation is then more safe, especially if the education concept is also taken into account.
Indeed, if drivers ‘practice’ the overtake manoeuvre often, they might become more safe.

Engineering

England designs the 1+1 rural roads at certain points as a 2+2, where the speed limit is 70
mph in stead of 60 mph and these sections give vehicles the possibility to overtake slower
vehicles. Germany and France have the 2+1 engineering solution for overtaking problems. In
France, the extra lane could be used for both driving directions, to overtake a slower vehicle.
Nowadays, these lanes have a direction, clearly indicated at the begin and end, and
swapping for one direction to the other. Recently, the Netherlands has started a project
including a pilot study with a 2+1 design with a cable barrier, as a solution for overtaking
problems?®. But, since road sections without junctions are fairly short in the Netherlands, the
usage of overtaking lanes is questionable, since flared approaches at junctions can also be
used to overtake slower vehicles. Indeed, in an study in New Zealand, the shortest length of
an overtaking lane was 1.5 km (Charlton et al., 2001).

Electronics

An ‘Uberholassistent’ is being developed by BMW in Germany. BMW wants to develop an
informative system that informs a driver when it is unsafe to overtake. In France, automotive
laser scanners are being developed, which will include a ‘lane change support’. If this also
includes support on rural roads is unknown yet. With the current lasers, it is not possible to
recognize oncoming vehicles on time. Neither in England, nor in the Netherlands electronics
are being developed to assist drivers with their overtaking task.

Also, other Advanced Driver Assistance Systems have potential towards safer overtaking. For
example, Intelligent Speed Adaptation might decrease the demand for overtaking
manoeuvres, since the speed of vehicles is limited at the speed limit. And for example a
‘forward danger warning system’ has high potentials towards safer overtaking (OECD, 1999).
This system provides safety information by detecting oncoming vehicles that are outside a
driver’s field of vision, e.g. in a curve or behind hills. This will probably increase overtaking
frequency, but the risk per overtaking manoeuvre might be less. Although this systems
sounds promising, one should not underestimate possible negative behavioural adaptations
of drivers (OECD, 1990).

CONCLUSIONS AND RECOMMENDATIONS

Overtaking on two lane rural roads causes fatal accidents each year. The applied approach in
the Netherlands to improve safety of overtaking, is an overtaking prohibition. To study the
effect of such a prohibition, overtaking frequencies are measured on similar road section
with and without prohibition. On the sections without a prohibition, up till about ten percent
of drivers safely performed overtaking manoeuvres. On the road sections with prohibition,

2 http://www.verkeerskunde.nl/moxie/actueel/nieuws/gouden-kabels-voor-rijstr.shtml
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about one percent of drivers ignored the prohibition, but more than a quarter of the
respondents of a questionnaire indicate that they will not always comply with an overtaking
prohibition. Of all respondents of the questionnaire, leisure travellers prefer an overtaking
prohibition and commuters prefer a road design without a prohibition.

With this study, more insight into overtaking frequency and obedience to an overtaking
prohibition has been gained. Little is still known about the relation between overtaking
frequency and accidents caused by overtaking. Since overtaking manoeuvres are still
performed with a prohibition, accidents can still happen. Other ossible solutions, education,
engineering and electronics are discussed in this paper. Perhaps there is not one solution to
make overtaking on two lane rural roads more safe. Therefore every development towards
safer overtaking is useful.
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